It has been pointed out in particle physics that mono-energetic electrons and positrons can be produced in the annihilation of WIMP dark matter. Although the propagation through the Galaxy would broaden the line spectrum, the observed spectrum would still have the distinctive feature in the region of sub-TeV, which indicates the existence of WIMP dark matter in the Galactic halo. The recent positron fraction spectrum by the PAMELA experiment shows a significant sharp rise up to ∼100 GeV, and the electron + positron spectrum by the ATIC experiment also shows an excess in the several 100 GeV region. In order to increase greatly the amount of statistics up to higher energies, we need to observe the high-energy electrons and positrons for much longer exposure times by space utilization such as CALET on the ISS. : correction factor of the proton contamination in the RE-cut with energy dependence C eg : correction factor of the gamma-ray contamination in the gamma-ray rejection with energy dependence C enh : correction of enhancement of flux due to the energy resolution C 2nd
Nomenclature

t
: depth in radiation length (r.l.)
S(t)
: pulse heights of plastic scintillators at the depth of t (r.l.) N : normalization factor of transition curves of electro-magnetic shower θ : zenith angle of shower axis a, b
: adjustable coefficients of transition curves E : electron energy J e (E) : energy spectrum of cosmic-ray electrons (m −2 s −1 sr
: the number of electron candidates SΩ : effective geometrical factor T : observed live time ∆E : energy interval C RE : correction factor of the proton contamination in the RE-cut with energy dependence C eg : correction factor of the gamma-ray contamination in the gamma-ray rejection with energy dependence C enh : correction of enhancement of flux due to the energy resolution C 2nd
: flux of secondary (atmospheric) electrons at the observation altitude C atm : correction factor of energy loss of primary electrons in the overlying atmosphere
Introduction
The Cosmic Microwave Background (CMB) measurements with WMAP revealed recently that the universe is made up of 23 % dark matter, 75 % dark energy, and only 5 % ordinal barionic matter 1) . Existence of the dark matter was first identified by Zwicky in 1930's from the observations of clusters of galaxies 2) . The existence of dark matter on the galactic scales was also identified by observations of the rotation curves of spiral galaxies 3) . However, we do not know what the dark matter is made of. The nature and origin of the dark matter is one of the most important unresolved problems in astrophysics.
The most predominant candidates of dark matter are some weekly interacting massive particles (WIMPs) that are predicted in particle physics 4) . WIMPs are, perhaps, the most plausible class of the candidates for dark matter. Among these, neutralino, χ, of the lightest stable supersymmetric (SUSY) particle is the most well motivated. The models with extra dimensions can also provide an alternative candidate for dark matter. In the models of universal extra dimensions, the lightest Kaluza-Klein particle (LKP) might be stable and can be a dark matter candidate. The most natural LKP is the first Kaluza-Klein excitation of a hypercharge gauge boson, B
(1) . This state is referred as Kaluza-Klein dark matter. These WIMPs are expected to annihilate and/or decay into gamma rays, e + e − , and so on. Hence, the indirect observations of dark matter is possible by the detection of these electrons.
In this paper, we review the high-energy electron and positron observations, in particular presenting the results of PPB-BETS experiment. We also discuss the significance of dark matter signatures in the electron and positron spectra, reviewing indirect search for dark matter as the technique of observing the elec-trons and positrons produced in dark matter annihilations.
WIMP Dark Matter Annihilations
Although the direct annihilation to e + e − is suppressed for neutralino in supersymmetric theory, Kamionkowski and Turner (1991) 5) suggested that if the SUSY dark matter is heavier than W ± bosons, e.g. Higgsino-like neutralino, a very distinctive feature in the cosmic-ray positron spectrum arises from W + W − and Z 0 decays, which produce electrons and positrons with energy of around half of the WIMP mass. Also, the direct annihilation occurs frequently for the Kaluza-Klein dark matter in universal extradimensions. Cheng et al. (2002) 6) proposed that cold dark matter is made of Kaluza-Klein partilces. They suggested that there is a narrow peak in the positron spectrum from direct annihilation of KaluzaKlein gauge bosons to e + e − , which produce monoenergetic electrons and positrons.
Although the propagation of electrons and positrons through the Galaxy broadens the line spectrum because of the energy loss, the observed electron and positron spectrum would still have a distinctive feature. These mono-energetic electrons and positrons propagate in the Galaxy, and modify their spectra to a power-law with an index of -2.0, and a cut-off of energy of the WIMP mass. Since there are no other known production mechanisms that would produce an electron and positron peak at energies of 100 GeV -10 TeV, such a distinctive feature clearly indicates the existence of WIMP dark matter in the Galactic halo.
Dark matter halo profiles in the Galaxy are calculated by various N -body simulations. The choice of dark matter halo profile model can affect the electron and positron flux observed at the solar system. Compared to an isothermal sphere dark matter profile, dark matter profiles favored by N-body simulations such as the NFW profile 7) and the Moore profile 8) have density cusps at the Galactic center. As for gamma rays from dark matter annihilations, varying the dark matter halo profiles causes the variation of gamma-ray flux by a factor of 1 − 10 4 . On the other hand, varying the halo profiles affects the electron and positron flux by a factor of ∼5 9) , which is relatively smaller than that of gamma rays. Thus, the electron and positron flux is much less sensitive than that of gamma rays for the variation of dark matter halo profiles. N-body simulations also indicate that the dark matter halo has clumpy structures to increase the gamma-ray flux as a boost factor of ∼10 2 .
Electron and Positron Observations
Cosmic-ray electrons have been observed with a very large variety of instruments. Figure 1 shows an overview of cosmic-ray electron + positron energy spectra, compared with the proton spectra. The electron (plus positron) energy spectra are well represented by a power-law function with an index of −3.0 to −3.3, which indicates steeper spectra than the proton spectra with a power-law index of −2.7. The intensity of cosmic-ray electrons is ∼1 % of the protons at 10 GeV, and decreases very rapidly with energy until it corresponds to ∼0.1 % at 1 TeV. Hence, in order to observe cosmic-ray electrons, it is required for the instrument to have a large geometrical factor, long exposures, and high proton rejection power. Cosmic-ray positrons so far have been observed up to 100 GeV, and the positron flux is around 5 % of electrons at 10 GeV. Figure 2 presents the observed positron spectra divided by the sum of the electron and positron spectra in the energy range from 0.2 GeV to 100 GeV 10, 11) . As shown in Fig. 2 , the PAMELA experiment 11) recently reports the significant deviation from predictions of secondary production models, in which positrons are produced in interactions between cosmic-ray nuclei and interstellar matter 12) . This high-energy data by PAMLEA may constitute the indirect evidence of dark matter particle annihilations, or the observation of positron production from nearby pulsars. The PAMELA experiment is still ongoing and will report the result of higher energy positron observations up to 270 GeV in the future publications.
PPB-BETS Experiment
The energy spectrum and arrival directions of electrons and/or positrons in the energy range above 100 GeV is crucial to detect electron-positron pairs from WIMP annihilations. We have observed cosmicray electrons from 10 GeV to 1 TeV with PPB-BETS by a long duration balloon flight using Polar Patrol Balloon (PPB) in Antarctica.
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Instrument and observations
The PPB-BETS detector consists of 36 scintillating fiber belts, 9 plastic scintillation counters, and 14 lead plates with a total thickness of 9 radiation lengths (r.l.). Each fiber belt is composed of 280 fibers with a 1 mm square cross section and the number of fibers is 10,080 in total. The effective geometrical factor of detector is about 3.0×10 2 cm 2 sr. The basic structure is similar to that of the BETS detector 13) , but several improvements have been adopted to observe high-energy electrons up to 1 TeV.
The balloon was launched at the Syowa Station (39.60
• E, 69.01 • S) in Antarctica at 15:57 on January 4, 2004 (UTC). The level flight was started at two hours after the launch and continued till 1:46 on January 17, 2004 at an average altitude of 7.4 g/cm 2 . The total exposure time was 296 hr. During the observations, power supply system by solar panels, telemetry system by the Iridium satellite phone line, and autolevel control system by CPU operated successfully. In order to determine the attitude of the instrument, sun aspect sensors and geomagnetic aspect sensors also operated during the flight.
The number of acquired events was 5.7×10 3 above 100 GeV with a trigger rate of ∼0.02 Hz.
Data analysis Electron selection
For the acquired events, we reconstructed the raw CCD images of showers to the fiber positions in detector space by using the positions of each fiber on the CCD image. From the reconstructed shower image, we determine the shower axis that is crucial to determine the energy, incident direction, and selection of electrons. The accuracy of angular determination of shower axis ranges from 0.35 to 0.60 degree with electron energies in 10 GeV -200 GeV from the CERN-SPS beam tests.
A typical event of electron-induced shower presents a narrower lateral spread concentrated along the shower axis. On the contrary, that of proton-induced shower shows a wider lateral spread 13) . We characterize this physical property by the RE parameter, the ratio of energy deposition within 5 mm from the shower axis to the total, as described in Torii et al. (2001) 13) . Figure 3 shows the RE distributions of the observed events compared with the distribution of 100 GeV electron and 250 GeV proton beams at CERN-SPS. The electron candidates were selected by the RE distribution under the condition that the RE values are greater than 0.75. As for the separation between electrons and gamma rays, electrons could be identified by the presence of hits in the scintillating fibers at 0 r.l. along the shower axis. Figure 4 presents the observed and simulated distributions of the distances of the nearest hit fiber position from the shower axis at the top layer. As incident electrons leave signals on the fibers along the shower axis, the distribution of electrons is concentrated around the incident point. On the other hand, as incident gamma rays leave no signals except for the back-scattered particles, the distribution by gamma rays becomes much broader. We judged electrons as the events whose distances are less than or equal to Ph_19 5 mm. Gamma-ray events are rejected by 90 %. As a result, the number of the electron candidates above 100 GeV is 84 events among the 4.7×10 3 analyzed events. 
Energy measurement
Since the number of shower particles at the shower maximum is nearly proportional to the energy of incident electrons, we determined the electron energies by using the number of minimum ionizing particles (MIPs) at the shower maximum in the transition curve with plastic scintillators. The transition curves of electro-magnetic shower are well represented by the following formula:
In order to derive the number of particles at the shower maximum, we fitted this formula to the pulse heights of the six scintillators at depths of 3 r.l. to 9 r.l. As shown in Fig. 5 , the relation of the number of particles at the shower maximum and the energies of electron beams at CERN-SPS is almost linear in the energy range of 10 − 200 GeV. The energy resolution is 12 % at 100 GeV as shown in Fig. 6 , and consistent with the simulations.
Results
Electron energy spectrum
From the electron events, with the above selection and energy determination, we derived the cosmic-ray electron spectrum above 100 GeV by using the following formula: Figure 7 presents the electron + positron energy spectrum multiplied by the cube of energy, in comparison with other electron observations [13] [14] [15] [16] [17] [18] [19] [20] [21] and a calculated spectrum of electrons from SNRs excluding nearby sources at distances less than 1 kpc and times younger than 1×10 5 yr 22) . The combined spectrum of BETS and PPB-BETS can be represented by a single power-law function of 
Electron arrival directions
Incident directions of electrons on the PPB-BETS detector are determined by using the shower axis with an accuracy of around 0.5 degree. Since the attitudes of PPB-BETS instrument are determined with sun sensors and geomagnetic sensors, we can determine arrival directions of cosmic-ray electrons. For the determination of attitudes with geomagnetic sensors, we referred to the International Geomagnetic Reference Field (IGRF) model. The difference of the attitudes between sun sensors and geomagnetic sensors is ∼6 degree in r.m.s. Figure 8 presents a ratio of the observed distribution above ∼100 GeV to the isotropic distribution along the Galactic longitude. As shown in Fig. 8 , the arrival directions of electrons are consistent with the isotropic distribution.
Summary and Discussions
Recent high energy positron observations up to 100 GeV by the PAMELA satellite experiment clearly show the significant deviation from predictions of secondary production models, and may indicate the dark matter particle annihilations 11) . As for the electron observations, although the energy spectrum with PPB-BETS cannot a reject a single power function, both the observations with PPB-BETS and ATIC-2 may indicate a spectral structure in the several 100 GeV region. The excesses in the electron + positron flux as well as the PAMELA anomaly in the positron fraction may be simultaneously explained by some WIMP dark matter scenarios. To increase greatly the amount of statistics up to higher energies, it is required to observe the highenergy electrons and positrons for much longer exposure times by space utilization such as CALET on the ISS 23) . In particular, without observations in outer space, it is difficult to observe high-energy electrons and positrons in the TeV region, since there are considerable contaminations of atmospheric electrons and positrons that are produced by nuclear interactions of cosmic-ray protons with residual atmosphere. Figure 9 presents a simulated electron + positron energy spectrum for CALET with the Kaluza-Klein dark matter annihilation for a mass of 620 GeV and a boost factor of 2×10 2 , which can reproduce the ATIC excess in the electron + positron spectrum 21) . As shown in Fig. 9 , although CALET cannot separate the sign of charge, a high precise measurement of the electrons enable us to detect the distinctive features from dark matter annihilation in the Galactic halo. Fig. 9 . Simulated e + + e − energy spectrum for CALET with Kaluza-Klein dark matter annihilations for a mass of 620 GeV and a boost factor of 2×10 2 , which can reproduce the ATIC excess in the e + + e − spectrum 21) .
